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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related AppHcations 

The present application daims the ben^ of the flDng date of U.S. provisional 
patent application serial no. 60/183.546. attorney docket no. 25791.10. filed on 
2/18/2000, the disclosure of vi^ich is brtcorporated herein by reference. 

This application Is a continuation-in-part of U.S. Serial No. 09/558,122. attorney 
dodcet number 25791.23.02, filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent appBcation serial number 60/131,106. filed on 
4/26/1999, which was a continuation^n-part of U.S. patent application serial number 
09/523.480. attorney docket number 25791.11.02. filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent application serial np. 60/124,042, 
filed on 3/11/1999, which was a continuatton-in-part of U.S. patent application serial 
number 0W510,913. attorney docket number 25791.7.02. which claimed the benefit of 
the fifing date of U.S. provisfonal patent application serial number 60/121,702, filed on 
2/25/1999. which was a continuation-in-part of U.S. patent application serial number 
09/502.350, attorn^ docket number 25791.8.02, filed on 2/10/2000, which daimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119,611, attorney docket number 25791.8, ffled on 2/11/1999. which was a 
oontinuatlon-ln-part of U.S. patent appttcatton serial number 09/454.1^, attorney 
docket number 25791.3.02, fDed on 12/3/1999. which daimed the benefit of the filing 
date of U.S. proviskmal patent application serial nunrd>er 60/111.293. fited on 
12/7/1998. 

The present appOcatkm is related to the following U.S. pat^ applk:atk)n5: (1) 

utilify patent application number _^ , attwney docket number 25791.9.02. 

filed on 11-16-1999, which daimed the benetfit of the filing date of pnsvisional patent 
applieaton number 60/108,558, attorney docket number 25791.9. filed on 11-16-1998; 

(2) utility patent applicatwn number , attwney docket number 25791 .3.02. 

filed on 12-3-1999. whteh claimed the benefit of the filing date of provisbnal patent 
applteatfon number 60/111,293, attorney docket number 25791.3, filed on 12-7-1998; 

(3) utBity patent application number , attorney docket number 

25791.8.02, filed on 2-10:2000. which claimed ttie benefit of the filing date of 
proviskNial patent applicatfon number 60/119.611. attorney dodcet number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 
60/121.841. attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
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patent application mmbor 60/121.907, attorney docket numt)er 25791.16. filed on 2- 
26-1999; (7) provisional patent apiriication number 60^24.042. attorney dodiet nutttoer 
25791.11, filed on 3-11-1999; (8) provisional patent application nmtow 60/131,106, 
attorney docket numJjer 25791.23, filed on 4-26-1999; (9) prbvfelonal patent appHcatlon 

5 numl»r 60/137,998, attorney docket nmber 25791.17. filed on 6-7-1999; (10) 
provistonal patent applicatkN) mnbw 60/143.039, attorn^ docket numtwr ^791.26, 
filed on 7-9-1999; (11) provistonal patent appllcatton number 60/146.203. attorney 
docket number 25791.25, filed on 7-29-1999; (12). provisional patent applicatfon 
number attorney docket number 25791.^. filed on 9-16-1999; (13) 

10 provisional pdtent appHcatton number . attorney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent appllcatton number , . 

attorney docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
application number 60/159,033, attorney docket number 25791.37, filed on 10-12- 
1999; (15) provisional patent application number , attorney docket 

15 number 25791.27. filed on 1 1-01-1999. 

/Vppficants incorporate by reference the disctosures of these applkxrtions. 

Background of the Invention 
This invention relates generally to wellbore casings, and in partrcular to weilbore 

I 

casings that are fomted using expandable tut)ing. 

20 Conventionally, when a wellbore is created, a number of casings are Installed In 

the borehole to prevent ooHapse of the borehole wall and to prevent undeslred outflow 
of drining fluid Into the formation or Inflow of fluid from the fomnatlon Into the borehole. 
The borehole is drilled In Intervals whereby a casing which is to be Installed In a lower 
borehole inten^l Is lowered through a previously installed casing of an upper borehole 

25 Interval. As a consequence of this procedure the casing of the lower Inten^l Is of 
smaller diameter than the casing of the upper iriterval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 

30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing tondling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 



2 



diameters drilled In the course of the wefl, and the large volume of ojttings driDed and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is fonned that 
typically Includes a surface casing, a number of production and/or drilling spools. 
5 vatving, and a Christmas tree. Typically the weBhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and constatctim of wellheads is expensive and 
complex. 

10 Conventionally, a wellbore casing cannot be formed during the drilling of a 

wellborB. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fonning wellbores and wellheads. 

15 Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular nnember is provided that irtdudes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member. 

20 According to anottier embodiment of the present invention, an apparatus for 

radially expandirq a tubular member is provided that includes a first tubular rhember. a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 

25 members, a second annular sealing member for sealing an internee between the 
second and third tubular members, and a marKirel positioned within the first tubular 
member and coupled to an end of the third tubular membier. 

According to another embodiment of the present invention, an apparatus is 
provided that Includes a tubular nriember, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamber 
d^ned by the piston and tubular member. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another eml>odlment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting structure by 

3 



the process of: positioning the tubular m6ml>er in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. ^ 
5 According to another embodiment of the present invention, a method of 

expanding a tubular member is provided that inductes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel vinthin 
the second portion of the tubular memt>er, pressurizing a region within the tubular 
member and displadng the mandrel witti respect to the tubular member. The inside 

10 diameter of the second portion of the tubular member is greater than the inside 
diameters of the first and third portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular m«fnber» 
second tubular member coupled to the first tutnjlar member, a third tubular member 

15 coupled to the second tubular member, and a mandrel positioned within the second 
tubular member and coupled to an end portion of the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodinrwnt of the present invention, an apparatus is 

20 provided that includes a tubular member, having first second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of. the tubular memt)er. the piston Including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 

25 tubular member. 

According to another embodiment erf the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting stnjcture. The tubular member is coupled to the preexisting stnjcture by 
the process of: prefomrring the tubular member to include first, second, and. third 

30 portions, positioning the tubular member in an overlapping relationship to ttie 
preesdsting strudure; placing a mandrel within the second portion of the tubular 

if 

member; pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular nriember. The inside diameter of the second portton 
of the tubular memt^r is greater ttian the inside diameters of the first and ttiird portions 
35 of the tubular member. 
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The present embodlmerrts of the invention provide methods and apparatus for 
forming and/or repairing wlltwe casings, pipelines, and/or structural supports by 
radBUy expanding tubular members. In this manner, the fbm«tion and repair of 
weObore casings, pipelines, and structural supports is improved. 

Brief Description of the Drawfejgs 
FIG. la is a fragmentary cross^ction Illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
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Fift ^ fragmentary cross-secBonal illustration of the apparatus of 

FIG. 2a Is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

15 FIG 2a"° ^ ^ ^^"^ fragmentary cross-sectional illustration of the apparatus of 
^ ^FIG. 2c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2d Is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a HF iu:.0« 

FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

Detailed Description of the Illustrative Embodiments 
Refenlng now to RGS. la. lb and.lc. an apparatus 100 for expanding a 
tubular member will be described. In a preferred embodiment, the apparatus 100 
includes a support member 1 05. a packer 1 10. a first fluid conduit 1 15. an annular fluid 
passage 120. fluid inlets 125. an annular seal 130. a second fluid conduit 135. a fluid 
passage 140. a mandrel 145. a niandrel launcher 150. a tubular member 155. elips 
160. and seals 165. In a preferred embodiment, the apparatus 100 is used to radially • 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
fom, a weHbore casing, line a wellbore casing, form a pipeflne. line a pipeline, fom, a 
structural support member, or repair a wellbore casing, pipeline or stmctural suppori 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 155 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 rnandrellauncher150. The support member 105 preferably is a tubular member 
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fabricated from any nund>er of conventional commercially available materials such as. 
for exanple. ralfleld country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a preferred embodiment, the support member 105 is 
rBleasaWy coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled ftioni the mandrel launcher 150 upon the completion of m 
extnjsion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 
10 115. The packer 1 10 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the support member 105. in this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 1 15. second fluid conduit 135. and mandrel 145. defines 
an annular chamber 175. The packer 110 may be any number of conventional 
15 commercially available packers modified in aoconJance vwth the teachings of fte 
present disctosure. In a prefeoed enibodiment, the packer 110 is an RTTS packer 
available flnom HaDiburton Energy Services in order to optimally provkJe high load and 
pressure oontelnment capacity white also alkMving the packer to be set and unset 
multiple tirhes without having to pull the packer out of the wellbore. 
20 The first fluid conduit 115 is coupled to the packer 110 and the annuisr seal 

130. The first flukl conduit 115 preferably is an armular member fabricated from any 
number of conventional commerdally availabte materials such as. for exampte. oilflekl 
country tubuter goods, tow alloy steel, cart)on steel, or staintess steel. In a prefened 
embodiment, the first ftoid conduit 115 includes orte or more flukl Inlete 125 for 
25 conveying fluMto materials flrom the annutar fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and posHtoned between the interior 
surface of the first fluid oondiiit 1 15 and the. interior surface of the second fluki conduit 
135. The annular flukl passage 120 is preferably adapted to convey fluldic materials 
such as cement, water, epoxy. lubricants, and slag mix at operating pressures and flow 
30 rales ranging from about 0 to 3,000 galtons/mlnute and 0 to 9.000 psi in orter to 
optimally provide flow rates and operattonal pressures for the radial expanston process. 

The fluid intets 125 are positioned in an end portfon of the first fluid condift 115. 
The fluid Intets 125 preferably are adapted to convey fluidic materials sudh as cement, 
water, epoxy. lubricants, and steg mix at operating pressures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3.000 gaOons/minute in order to optimaliy provide 
flow rates aiKl operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the (list fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a IMd seal between the 
interior surface of the first fluid conduit 1 1 $ and the exterior surface of the second fluid 
conduit 136. The annular seal 130 preferably provides a fluid seal betweeri the interior 
surface of the first fluid conduit 115 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of com^ntional commercially 
available seals such as. for example, Curings, polypak seals, or metel spring energized 
seals, in a preferred emixxiiment. the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduH 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated from 
any number of conventtonai commercially available materials such as. for example, 
coiled tubing. oilfieM country tubular goods, low alloy steel, steinless steel, or low 
carbon steel. In a preferred embodiment, the second fluid conduit 135 is adapted to 
convey fluidte materials such as cement, water, epoxy. lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3;000 
20 galtonsAninute in order to opUmaliy provUe flow rates and operattonal pressures for the 
radial expanston process. 

The fluid pass^e 140 is coupled to the second fluM conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluid passage 140 is adapted to convey 
fluWic materials such as cement, water, epoxy. lubricante. and slag mix at operating 
pressures and flow rates ranging from about 0 to 9.000 psi. and 0 to 3.000 
ganons/minute in order to optimally provide flow rales and operational pressures fb^ the 
radBl expanston process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 
section fabricated from any number of conventfonal commerdaliy available materials 
such as. for example, machine tool steel, ceramics, tungsten carbHe. titanium or other 
high strength alloys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees In order to optimally expand the 
nrandrel launcher 150 and tubular mernber 155 in the radial direction. In a preferred 
embodiment, the surfece of the conic sectton ranges from about 58 to 62 Rockwell C In 
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order to optimally provide high yield strength, la a preferred emlxxJimenl. the 
expansion cone 145 is heat treated in order to ofOm^ provide a hard outw surface 
and a resWent interior body in order to optimaly provide abrasion resistance and 
fracture toughness. In an altemative embodiment, the mandrel 145 is ocpandible in 
order to further optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145. and the tubular membar 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-sectitm and a reduced wall thickness in order to 
facilitate the radial expansion process. In a prefenred embodiment, the cross-sectional 
area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
and ai the other end, the cross-seOQonal area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
enibodiment. the wall thicltness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order ttf facilitate the initiation 
of the redial expansion process. 

The mandrel launcher 150 may be fabricated fi^m any number of conventional 
commercially available materials such as, for example, oilfield country hjbular goods, 
low allow steel, stainless steel, or cartion steel. In a pi^ferred embodiment, the 
mandrel taunchier 150 Is fabrtoated from qifield country tubular goods having higher 
strength but lower wall thidcness than the tubular member 155 In oitler to optlmally 
match the buret strength of the tubular member 155. in a prefenred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed fhwn the vrellbore 180 upon the 
completion of an extmsion operation. 

In an altemative embodirnent. the support member 105 and the mandrel 
buncher 150 are integrally fonned. , In this altemative embodiment,, the support 
member 105 preferably temninates above the top of the packer 110. In this altemative 
embodiment, the fluid conduits 115 ahtVor 135 provkle structural support for the 
apparatus 100. using the packer 110 to couple together the elements of the apparatus 
100. In this alternative embodiment, in a fweferred embodiment, during the radial 
expanston process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubular 
meiTiber 155. between radial expansion operatfons. In this manner, the packer 110 is 
moved downhole and the apparatus 100 is re-strcAed. 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably is a tubular member fabricated from 
any number of conventional commerdaiiy available materials such as. for example, low 
alloy steel, carbon steel, stainless steel, or oilfieid countiy tubular goods. In a preferred 
embodiment, the tubular member 155 is fabricated from oilfield countiy tubular goods. 

Ihe slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior waBs of a casing. pipeUne 
or other stnjctur6 upon the radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 
The sBps 160 may be any number of conventional commercially available slips such 
as. for example. RTTS pacicer tungsten carbide slips. RTTS packer wicker type 
medianlcal slips or Model 3L retrievable bridge plug tungsten cart>kle upper 
mechanical sUps. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 
embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
. 750.000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provide a lluidic seal between the outside surface of the 
expanded tubular member 155 and (he Interior walls of a casing, pipeline or other 
20 structure upon the radial expansion of the tubular member 165. In this manner, the 
seals 165 provide a fkildic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional coriimercially available seals such as, for example, 
nilrile mbNr. lead. Aflas robber. Teflon, epoxy. or other elastomers. In a preferred 
embodiment, the seals 165 are robber seals available from numerous commercial 
vendors in order to optimally provfcie pressure sealing and toad bearing capacity. 

During operation of the apparatus 100. the apparatus 100 is preferably towered 
into a weilbore 180 having a preexisting section of welibore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overiapping with a portton of the welibore casing 170. In this manner, the 
radial expanston of the tubular member 155 will preferably cause the outskJe surface of 
the expanded tubular member 155 to couple with the insUe surface of the welibore 
casing 170. In a preferred embodiment, the radial expanston of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the welibore casing 170. In this manner, the expanded tubular member 155 is provkJed 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seats 165. 

As illustrated in FIG. lb. after placement of the apparatus 1 00 In an overlapping 
relationship with the wellbore casing 170, a fluidic material 185 is prefenabiy pumped 
into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embo(&nent, the fluidic material is pumped into the chamber 17& at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 
pressure vrtthin the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extmde the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tajtiular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 
pumping of the fluidic material 185 preferably causes the entire length of the tubular 
memtier 155 to expand in the radial direction. 

In a preferred embodiment the pumping rate and pressure of the fluidic 
material 185 is raduced during the latter stages of the extrusion process In order to 
mIninUze shock to the apparatus 100. In a preferred embodiment the apparatus 100 
includes shodc absort>ers for absorbing the shock caused by the completion of the 
extruston process. 

In a prefenred embodiment, the extrusion process causes the mandrel 145 to 
move in an axial direction 185/ During the axial movement of the mandrel, in a 
preferred embodiment, the fluM passage 140 conveys fluidic material 190 displaced by 
the moving mandrel 145 out of the wellbore 180. In this nrtanner. the operational 
effldency and speed of the extrusion process is enhanced. 

in a preferred embodiment, the extrusion process includes the injection of a 
hardenable fluidic material into the annular region between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
the expanded tubular member 1 55 and the interior walte of the wellbore 1 80. 

As illustrated in FIG. 1c. In a preferred embodiment, upon the completion of the 
extmston process, the support member 105, packer 110, first fluid conduit 115, annular 
seal 130, second fluid conduit 135. mandrel 145, and noandrel launcher 150 are moved 
from the wellbore 180. 
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In an altemattve embodiment, the apparatus 100 Is used to repair a pieexisting 
wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member155 preferably include slips 160 and seals 165. 

In an alternative embodiment, the apparatus 100 is used to form a tubular 
5 structural support for a building or offehore structure. 

Referring nov. to FIGS. 2a. 2b. 2c 2d. arid 2e, an apparatus 200 fbr expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
'ndudes a support member 205. a mandrel launcher 2W. a mandrel 215. a first fluid 
passage 220. a tubular member 225. slips 230. seals 235. a shoe 240. and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expaTd the mandrel launcher 210 and tubuiar member 225. In this manner the 
apparatus 200 may be used to fom, a wellbore casing, line a wellbore casing, form a 
pipeline. Gne a pipeline, fbmi a stnictural support member, or repair a wellbore casing, 
pipeline or. stnictural support member. In a preferred embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting stmctural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support member 205 preferably is a tubular member fabricated from any number 
of com/entionai commercially available materials such as. for example, oilfield country 
tubular goods, low anoy steel, carbon steel, or stainless steel. The support member 
205. the mandrel launcher 210. the tubular member 225. and the shoe 240 are 
prBfeiably selected to fit through a preexisting section of weUbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
preferred embodiment, the support member 205 Is releasabiy coupled to the mandrel 
launcher 210, In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an eiltr^ion operation. 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in older to facilitate the 
radial expansion process. In a preferred embodiment, the cross^ectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215. and at the 
other end. the cross-sectional area of the mandrel launcher 210 Is adapted to match 
the cross-sectional area of the tubular member 225. In a preferred embodiment, the 
wan thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 In order to facilitate the inltiatton of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield country tubular goods. 
5 low allow steel, stainless steel, or carbon steel. In a prefened embodiment the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the' tubular member 225 In order to optimally 
match the burst strength of the tubular member 225. In a prefened embodinwnt, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In tWs 

10 manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
compiSucn cf an Bxtruston operaiion. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional convnerdally available materials such as. for example, machine tool 

15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a prefened 
embodintent. the angle of the conic section of the nuandrel 215 ranges firom about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial direction. In a preferred einbodiment, the surfece of the conic 
section ran{^ from about 58 to 62 RockweO C In order to optimally provide high yield 
20 strength. In a preferred embodiment, the expansion cone 215 is heat treated in enter 
to optimally provide a hard outer surface and a resiltent. interior body in order to 
optimaly provide abrasion resistance and fracture toughness. \n an alternative 
embodiment, the mandrel 215 is expendible in order to further optimaHy augment the 
radial expansion process. 

25 TTie fluid passage 220 Is positioned within the mandrel 215. The fluid passage 

220 is preferably adapted to convey fiuidic materials such as cement, water, epox^, 
h*ricants. and siag mix at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3.000 gallons/minute In order to optimally provide flow rates and 
operational pressures for the radial ejqwnsion process. The fluid passage 220 
30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
thfe manner, the interior chamber 270 above the mandrel 215 may be fluldidy isolated 
from the interior chamber 275 below the mandrel 215, 

The tubular member 225 is coupled to tfie mandrel launcher 210. the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of conventional conimercially availabte matertels such as. for 
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example, low alloy steel. cait)on steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide stnjctural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available sBps such 
as. for example. RTTS padter tungsten carbide mechanical slips. RTTS packer wicker 
type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical sBps. in a preferred embodiment, the slips 230 are adapted to support 
axial forces rangmg from about 0 to 750.000 Ibf. 

The seals 235 are coupled to the outskle surface of the tubular member 225. 

The seals 235 preferabiy provide a fluidic seal between the outskle surface of the 
15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 

structure upon the radial expanston of the tubular member 225. In this manner, ^e 

seals 235 provUe a flukJic seal (or the expanded tubular member 225. The seals 235 

may be any number of conventional commercially available seals such as. for example. 

nitrlle rubber, lead. Aflas nibber. Teflon, epoxy or other elastomers. In a preferred 
20 embodiment, the seals 235 are conventtonal njbber seals available from various 

commercial vendors in order to optimally provkie pressure sealing and load bearing 

capadfy. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluki passage 245 for conveying fluidic 
materials from the chamber 275 to the annular regkm 270 outsMe of the apparatus 
200. The shoe 240 may be any number of conventkmal commercially available shoes 
such as. for example, a Super Seal II float shoe, a Super Seal II Down^t fk)at ?hoe. 
or a gukle shoe with a seajing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment the shoe 240 is an 
aluminum dovwvjet gukle shoe wift a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance with the teachings of the 
present disck>sure. in order to optimally guide the tubular member 225 in the weflbore. 
optimally provide a fluidic seal between the interior and exterior diameters of the 
overiapping joint between the tubular members, and optimally facilitate the complete 
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drifing out of the shoe and plug upon the oompletion of the cementing and radtal 
expansion operations. 

During operation of the apparatus 200. the apparatus 200 is preferably lowered 
into a wellbore 260 having a preexisting section of welibbre casing 275. !n a preferred 
ennbodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 overlapping with a portion of the weUbqre casing 275. In ttws manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expansion of ttie tubular member 
225 will also cause the sHps 230 and seals 235 to engage with the interior surface of 
the weiibore casing 275. in this manner, the expanded tubular member 225 is provided 
witti enhanced stnjctiiral support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b. after placement of the apparatus 200 in an overlapping 
relationship with tiie wellbore casing 275, a fluidic material 280 is preferably pum;^ 
Into the chamber 270. The fluidic material 280 then passes through tiie fluid passage 
220 into tile chamber 275. The fluidic material 280 ttten passes out of ttie chamber 
275. through ttie fluid passage 245. artd into ttie annular region 270. In a preferred 
embodiment, ttie fluidic rfiaterial 280 is pumped into ttie chamber 270 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/Mnute in order to optimally provide flow rates and operational pressures for ttie 
radial expansion process.. In a preferred embodimient, ttie fluidic material 280 ts a 
hardenaUe fluidic sealing material in order to form a hardened outer annular member 
around ttie expanded tubular member 225. 

As illusttated In FIG. 2c at sonie later point in tiie process, a bail 285, plug or 
ottier similar device, is introduced into ttie pumped fluidic material 280. In a preferred 
embodiment, ttie ball 285 mates witti and seals off ttie inlet 265 of ttie fluid passage 
220. In tttis manner, ttie chamber 270 is fluldldy isolated flT>m ttie chamber 275. 

As illustrated in FIG. 2d, after placement of ttie ball 285 in ttie inlet 265 of ttie 
fluid passage 220, a fluidic material 290 is pumped into ttie chamber 270. The fluidic 
material is preferably pumped into ttie chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3.000 galtons/minute in order to 
provide optimal operating efficiency. The fluidic material '290 may be any number of 
conventional commercially avallabte materials such as, for example, water, drilling 
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mud. cement, epoxy. or slag mix. In a prefenred emtxxliment. the fluidic material 290 is 
a nofvhardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamber 270. The increased operating 
5 pressure in the chamt)er 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 arid tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferebly 
10 causes the entire length of the tubular member 225 to expand in the redial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 Is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 200. m a preferred embodiment, the apparatus 200 
includes shock absorbers fbr absorbing the shock caused by the completron of the 
15 extrusion process. In a preferred embodiment, the extixision process causes the 
mandrel 215 to move in an axial directton 295. 

As illustrated in FIG. 2e. in a prefented embodiment, upon the completfon of the 
extrusion process, the support member 205. packer 210. first fluki conduit 215. annular 
seal 230. second fluW conduit 235. mandrel 245. and mandrel launcher 250 are 
removed from the wallbore 280. In a preferred embodiment, the resulting nm sectton 
of ytmon casing includes the preexisting wellbore casing 275. the expanded tubular 
member 225. the slips. 230. the seals 235. the shoe 240. and an outer annular layer 
4000 of hardened flukiic material. 

In an altemative embodiment, the apparatus 200 is used to repair a preexisting 
25 wellbore casing or pipeline. In this altemative embodiment, both ends of the tubular 
member 255 preferably include sHps 260 and seals 265. 

In an altemative embodiment, the apparatus 200 Is used to form a tubular 
structural support for a building or offshore structure. 

in a prefen«d embodiment, the tubular members 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provkJed substantially as described in one or more of the following U.S. patent 

appBcaHons: (1) utility patent applicatton number attorney docket 

number 25701.9.02. filed on 11-16-1999. wrhich claimed the benefit of the filing date of 
provisional patent appllcatkm number 60/108.558. attorney docket number 25791.9. 
35 filed on 11-16-1998; (2) utility patent appticatbn number. , attorney docket 
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number 25791.3.02. filed on 12-3-1999, which dairn^J the benefit (rf the filfrtg date of 
provisiDnal patent appUcatlon number 60/111.293. attomey dodtet number 25791 .3^ 

filed on 12-7-1998: (3) utility patent appDcation number , attomey dodcet 

number 25791.6.02. filed on 2-10-2000. whid) daimed the benefit of the fifing date of 
provisional patent application rwmber 60/119,611, attomey docket nun4)er 25791.8. 
filed on 2-11-1999: (4) provteional patent applicafion number 60/121.702. attomey 
docket number 25791.7. filed on 2-25-1999; (5) provisionai patent applicatkm number 
60/121,841, attomey docket number 25791.12. filed on 2-26-1999; (6) provisional 
patent application number 60/121,907, attomey docket number 25791.16. flted on 2- 
26-1999; (7) provisnnal patent application number 60/124^042. attomey docket number 
25791.11. filed on 3-11-1999; (8) provision^ patent application number 60/131.106. 
attomey docket number 25791 .23. filed on 4-26-1999; (9) provisional patent application 
number 60/137,998. attomey docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent application number 60/143,039, attomey docket number 257i91.26, 
filed on 7-9-1999; (11) provisional patent applicatk>n number 60/146,203, attomey 
ddcket number 25791.25, filed on 7-29-1999; (12) provisional patent applicatton 

number . attomey docket number 25791.29, filed on 9-16-1999; (13) 

provisional patent application number • attomey docket number 

25791.34, filed on l6-12-1999r (14) proviskxiai patent application number 
attomey docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
applhatton number 60/159,033, attomey docket number 25791.37, filed on 10-12- 
1999; (15) provistonai patent applicat»n number . attomey docket 

number 25791.27, filed on 11-01-1999. Applicants incorporate by. reference the 
disdosures of the^ applications. 

Although illustrative, embodiments of the inventkm have been shown and 
described, a wkte range of nndification, changes and substitutton is contemplated in 
the foregoing disdosure. In some instances, some features of the present invention 
may be employed without a conespondir^ use of the other features. Accordingly, it is 
appropriate that the appended claims be constnjed broadly and in a manner consistent 
with the^cope of the invention. 
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Cianms 

1. A method of coupling a tubular member to a preexisting structure, comprising: 

positioning the tubular member In an overlapping relationship to the preexisting 
stnicture; 

piadng a mandrel within the tubular member. 

sealing off an annular region within ttie tubular member above the mandrel by 
sealing a stationary member and sealing a non-stationaiy memben 
pressurizing the annular regton; 

displacing the mandrel with resped to the tubular memban and 
removing fluids vAMn the tubular member that are displaced by the 
displacement of the mandrel by passing the removed fluids Inside of the annular 
region. 

2. An apparatus for coupling a tubular member to a preexisting stmcture. 
15 comprising: 

means far positioning the tubular nwrnber in an overtapping relationship to the 
preexisting structure; 

means for placing a nriandrel within the tubular member, 
means fbr sealing off an annular region within the tubular member above the 
20 mandrel by sealing a stationary member and sealing a non-stationary memben 
means fbr pre^urizing Ihe annular region; 

means fbr displacing the mandrel with respect to the tubular member, and 
means for removing fluids wHhin the tubular member that are displaced by the 
displacement of the mandrel by passing the removed fluids Inside of the annular 
25 region. 

3 An apparatus for radially expanding a tubular nnember, comprising: 
a first tubular memt)er; 

a second tubular member positioned within the firet tubular member 
30 a third tubular member movably coupled to and positioned vifithln the second 

tubular member; 

a first annular sealing member for sealing an interface between the first and 
second tubular members; 

a second annular sealing member for sealing an interface between the second 
35 and tttirdtutxjiar members; ■ . 
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a mandrel positioned within the first tubular memt>er and coupled to an end of 
the third tubular member 

an annular chamber defined by the first tubular member, the second tutHdar 
member, the third tubular member, the first annular sealing m^nber, the second 
annular sealing member, and the mandrel; 

a fluid passage defined by the third tubular member and the mandrel fluldldy 
coupled to an interior region of the first tubular member below the mandrel; and 

an annular passage defined by the second tubular mmiber and the third tubular 
member fluididy coupled to the annular chamber. 

4. An apparaius, comprising: 
a first tubular member; and 

a second tubular member coupled to ^ first tubular member by the process of: 
positioning the second tubular member in an overlapping relationship to the first 
tutHilar member; 

placing a mandrel wtthin the second tubular member, 
sealing off an annular region within the second tubular member above the 
mandrel by sealing a stationary member and sealing a non-stationary member; 
pressurizing the annular region; 

displadng the mandrel with respect to the second tubular merTri)er; and 
removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel by passing the removed fluids inside of the annular 
region. 
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